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(54) FIELD EMISSION TYPE DISPLAY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an high anode 
voltage field emission type display device in which 
brightness is high, no leak light emission is 
allowed, and emitted electrons reach an anode 
efficiently. 

SOLUTION: Conical emitters are formed on a cathode 
electrode provided on a cathode substrate 1, and 
insulation layer and first gate electrodes are formed 
on parts where emitters are not formed. Insulation 
layers are further formed on the first gate 
electrodes, and second gate electrodes (focusing 
electrodes) 7 having opening portions 20 are provided 
thereon. Plural rows of opening portions 20 are 
formed in parallel in an emitter area 30 
corresponding to one picture element, and the 
emitters are arranged inside the respective opening 
portions 20. An anode voltage of 2kV to 5kV is 
applied to the anode electrode, the electrons emitted 
from the emitters are focused by the focusing 
electrode 7 so as to reach the anode. 
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mm i titer Ymm^mthr 

n . 1 ^<D^x h ^mu^omc^^momt^:^ a 
;i^-^J ^ cie^ ? n r c ^ ^ c i i T ^ mt^n^ 

t^^cW^htix^f^^nx^^^c t^'^tr hmtzn 
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CO 0 0 n 

^^SCtB^t^y- K < F EC : Field Emission Cathode) 
^^mi^fcmrr.^ («T, ^^ftfflM^/T^^a (FE 
D : Field Emission Oisplay) tKt^')) iCHt*^, 
CO 00 2 ] 

10 ' [v/m ] ggtC-r^i, h>:^;Ua^{CcfcOI|-?^^5i^ 
n^^l^Scffi (Field Emission ) <h^(.\ CO^^n. 

wmx%i-^WL&rhtfv-Y^Mmm^tiv-^ (f 

EC) iPf^Ta=^^, 

C0 00 3] m 9tC-g-(D— ^tlT^^Xf^h (Spind 
t) McbO^iin^FEC^^-To CCDia^fol^r. il'y 

^M$nfc;?7V-F^Sl 0 2^5^C:f6nr4sO. CCD 

20 -V^cc^x^ ^? 1 0 5;:?^?^^tSc5tir(.^^, ;t?V-Km 

@i 0 2±cDx^ 1 0 bmm^^tix\*^t£^>mr^y:^ 

\^¥-vmm 10 Atm^^t\x\.^h. y-h^i 
0 4fej:c;ii^^i 0 sjcijgfra^i o^tim'^htix 

^(Dcf3(CiiiE=J->#;<0xs 1 0 575^&ML/ 
r^r^a. fJ^^t)^. CCOr3->t^^cOx= 1 0 50^ 

[0 0 0 4] CCD3->t^C?5X^ 5? 1 0 STaJOb'-y^ 

(Dx 5 -y 5? 1 0 5 ^ 1 m>w&±.^mi^c tt^xt 

?6JC. y-hm-Sl 04ix^ -y^z 1 05CDn- 
e/ca?). y-h^l 04 cbx^ y 4? 1 0 SiiDr^JCt) 

■fT^^S 1 0 h(0'f-~ h - X 5 y ^?Pa1tiSEVg ^EPflO 
l-'SCiiCcfcD, ^^*:X^ -y 1 0 5^6^^ffifi±i-r 

-sciTSirt^, ^-vmm\oAi.iicmWihx]L(Dm 
40 (Dry- Kmsi 0 Qsc^zafim-r^ci^iri^^, c 

-Vmrni 0 9(D^^t*©§i555^^^5ii^C(f:75i-Ct 

c<DX'>t^wm^mmrhct'.cx^ . fec^^ 

SSttliM^^^IS (Field Emission Display, F E D) i 
CO 0 0 5 1 ^fc. MfSx Xv^l 0 5?:?^6Sfttl$nS 

n^<o^mtm'vE,o^mn^'nbx\.>^fc^. 

50 n/cm^=lr|I^T^^I^^^it, ^I5:ffl.m^^tf;^d:^ii 
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^ o r ^ ii^^T^^ii^i C > J: -5 CC 0 F E D I ^ 
C0006]ia20{cc<DJ:'5^^FE DO—^^m^^ 

{^^7 - 1 0 4 5 7 Q^^n^m) . C<DF e d 

^ - 1 0 9 in 1 ©y- b 1 0 4 {iiEcopim 

Ii2©y-hm®i OTCciifiomte 

1 ®^^«^-r^SI^M0x ^ -7 3? 1 0 5 ^5^0±k: 
^$n^#{iMi^i$nr*sf3. 1 1 Ui;^y-F^ 
Si 0 2^vh ';^;^-!gS6-r^/c5^)^)TFT (TTiin Fil 
m Transister: lflKF^>'^X^r) a^r^^o cncc^ 

- 3 3 8 2 7 4^^i>#S#B3) o ^2 1 COmi^SfiiJ 

MS^g^iJS9>^t-6^c3t»0ii-c^)*:). (a) 

[0 0 0 8 ] C<OilIiC:|dt^r, :^y- F^^l 0 2t5;^ 

hH^ 1 0 4 iifrftS5^7 y- Fm@ 1 0 2 c?:)±icM^ 
*^/^ur. g:^y- F^Si 0 2iil3£T^J:^ccx 

gi 0 771)^16^5 nro^^, ^fc. ^lory-Frnffi 
1 1 8 tm2<or y-Y^Mi 1 9U<h&ccx h^^y* 
ti^ccry-Kg^i 1 O±*c0)x£?n-ci3'3. St^- 

ri^^. 1 3 ot^f^iai^icoTy- F^i 1 8 
o§ ;^ h ^ y* a n T y - F ^ I # ffl L A 
K I 3 n^H?rfa^2<^)Ty- F^i 1 9<7>&;<F^ 

'i'y?5iS;^5nfcry- F^!t!±iL'^^A2. I3 4ti 

iyfE?^y- F^@i 0 2o#;^ h^^/y'^ii^^I^iU^ti 

[0 0 0 9 ] ^br. ^1 3 s^/rL-rfifiEx h-^-^ 
y'tticff^^^n/c^m^i 1 7 ccacQ-^^E^^s:^ 

£ntt3Ur4d< CiICJ:0, IHIS (b) CC/T^TcfcOiC. S 
X5 ^:.^TU'{ 1 1 27&^6SSCffi$n^m^CD$/liI^*^ 50 
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^-tt^ii^^C. ry-Fm@l 1 8:fe5j:0'l 1 9 4>::^ 

WM^CO [V] ^EP^JD-r-BCiCCcfc^iin^^fe^Plit-r 
-54><D'C^'5o ''cf^cJ, 132 10? (b) (Cfcl>t:, 

2 2 JC^-r (^^gg^7 - 2 9 4 8 

-hms (?l^ffity-Fm@) l04(D±^c$6^clfe 

igtJ110 3' ^^tt, ^O±fP5CR»C0(5ga^l 2 0^ 

wi--5m^^ (^2 y- Fm@) 1 0 7 ^^c-^-ci.^ 
^, T^c^D^. coFdJciJi^Tj^. frfBii^msio7 

1 OBI^iC. -en^IROStfct^iC^l^e 

t^rl,^•5<. ^i>r. co:)lim^@i 0 7*ry-hm@i 

-So cnfciJ:*). {@^<:C)j:^ ^ 1 0 5*>e>fea5n/c 
m-^ii-^n-etiMJ^iH^i^rie^m^ 1 0 7 ic j: 

[0 0 1 1 ] ^'jris. ^ 1 0 BfJ^^^m^hfcm^ 

<D^ i^cD-mm^^m^mmi 0 7^cM^5^ir. ry 

PfW7 - 2 9 4 8 4-^^iClStg$n/c^9.§CCfcl^r 

mM^MMmm 1 0 7 Jci§:C:i' P)txfc^aa$ 1 2 0 cdiE 
SD, ilffia^ftfflLy-FH^Sl 0 4iC^t:r6ii/ii^ 
□SI5 1 0 ecDfi^D. i(D^O^«r. D: = (1. 2- 
2) xD, iJ'cC^Jc'^icbri^^, xa-i^ 

[0 0 12] COJ:'}'.CbXmiB$tifcm^U. 

WiM<D^^^cTy- Fica^org^ry- Fcc^^^ti 

Lt:, ft^a^'^cy^t.T^-^-r^ ;^y*^'i'^c:foct^ry- 
F^Scc?K^^5^^n^«7fef* F h CD— 2 3 ^rjk 

-E-ODtf -rXtilf^S 0 0 urn. aiOOfim^^tT. 

^mt>LXi6K}. C<Dtt-'{XiS^i^2 2 0 Mm. *t8 0 M 

[0013] 

FE DJCAst^r^/i. ry- F^ 1 kVi^TO^i^'^E-C 

nm^-^xi.^^mm^$>6. Ty-}^mj£toxc 

<Dcfc^^:c®ry-F^E*Kffi^^ci{cj:0. 7y- 

F<J::^y- ¥tOm^^ I 5 0 um--3 0 0 tim^MMt 
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tdi^-^X. fiScffim-^^Hm^^^it^CCfcl^Tfe. sua! 

^^T^Cifcj:^. x5 -v^r 10 

[0 0 14] hfs^iyUti^h. ±IBCDJ:9^^ffi^E^-/:?' 
OF EDJC^oi^rU. ^SOHg^ff €>fci^iCti;^t^.c 
Tv^-Kmi^ 5 0mA/cm' -10 0mA 

[ 0 0 1 5 3 ^tr, mcmn^-n-cMU^^ 

5 0 0 ^im-'S mm^SiE< T^C t^^S^tf^ih, 
[0 0 16] COi#. trmm2 1 iC^L/cF^jcD^^^ 

[ 0 0 1 7 ] ^ c r . *^0Jt3:. r y - F tcigmE^en 
hctt^<^^'±hct^m^t\^x\^^. 

[0018] 
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^itiHu^conicDy-hmsi. siriemioy- hm 
mr^'^i-m.m<Dm 2 o y- f ^ i , mi e;^ y - f 

J- FmS^WT-Sry- FSK<b*Wr^m»ft£BM 

[001 9] ^fc, mimumtvmt^nxi^^. i 

[0 02 0 ] $ h^ctifc. muwiamtT. y v^t $ 
nrfco . 1 ocDi^x 'J F«^pa5cD«ccffiia®oiu 

fc. >; Ft^^r^nas^xit^coyp ^tciz^en 
x^^^^x\.^^h<ox^h. ^hdctfc. mifaxy-y 

^)OT^)'B. $^^cc^/c. Buiaxy Ft^i^n^p^cc— 
^jcciag$n/cxs ^o^^o^s^cc^g-r^xs 
^u, mm:^') V v^mnu<o^^c)mi^xmm.tt\ 

X\.^^^^<DXh^. 

[0 02 1 ] $ h^ct.fc. mriax a y ^o^ccfci^r 
la tail 2 O y- h C CEflM 5 ti -.x^^h 

[0022] 

(^<&i, 2 0 0 V-5 0 0 V) -C^>o/cTy- F^E 
Va«:. SikV 5^2 kV-5 kV) CC±Cf ^Ci 
^fuMiurc^s^ -^ic, Ty-FmEVa?5>l Of^ 

-F^iSI a^3:i/l 0-cAni3:cfci.^CchiJ^*S-C^^ 

\ti^%^(om:nmkt~m^^--2Q^^^^t\h. c 

'J?^it^Ctf)^X^. Lfcf)^-oX. x,ly^(D^i>W^% 
^mhtCt^^X^^. COct-^CC, XS -y^Ol^^Tt 

^mfi^t^fci^'^c%^tj::^-<-:^^t^Ctf)iX^. t 

fc. y d^^m^Lxmi^ct^c^^ . 



mm(D±mcnm^txfcm i h mmiy-h 
^ 2 <7:)ffisyio±^cfrria^ 2 h m@ 7 fjmm ti 

-y^r L/'fc?)MiSWcmi^25^J^^^J?tirfc 20 

fcmtmu^2o\t2m^cw^\-^nxi6'^. ^f\^(Dfy 
mat. tffte^iy-hms 4 

P 1 ^o^cfc^^iTTS'f^O^S^P 2\tthiC3 um-^ZQ u 30 
( 0 0 2 5 ] 3 ii. l5id*^HJcD^ 1 (omi^(DBmrc 

{c?F$fiJS5n/c:^y- 5{3:S;^y-~ Fm@2±^c 
3tifffiS;^^y- FS«2±<?5syia=?->t^^Ox = -y 

> ( s i o , )mt^h tii^h&mm. 4 {^mii/i 3 ©± 40 
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[0 02 6] l7ieil^^S7(Z)±:^(C«;^/-7;3^^ 

:?5^^^^^ry-FS«io;!^fgg5^^r4jO. fgry- 
C 0 0 2 7 ] c cr, itria&Mfi£M^(^^££o-W{co 

2 At MIE^m^^ 7 i i^iS^^^*^ 8 i Of^omt 
L3 fil mm'-Soam, I^IB^ 1 MES4 ^dcfcO' 

taia«mmS7 0/^$ tJiO. 2-0. 4MmfiJgi$ 
nrc^^o ^/t, Mia^KDy- h^ffi4!c^:?6n/-c 
m^<r>muuB<Dm.Wit i 2 m m, wfrtax = 
5 (D^^L^ii^ mtm^w^ 7 jc^^$ fii^R^^og^naj 

2 OO^UtO^^^Md^ \tQ, 7 iim- 1 0 Mm. 

frie^imi5 2o<Dr^icj^«$nri^^iim^S7 li^^i 

d, Ji4 Aim-- I 9 Atm^gi^tirc^^, 
[0 0 2 8 ] iS/"c. fytary- F^9 tmtZiJV- F 
^^2^h<Dr^{CE[lttI$^i^ry- FmEVa^J2 kV- 

lOkv, frriami Fm@4im/ia^y- F^g 
2i<or^ic£nj[jn^n'5Mi y-F^vqiii2 0-2 0 
ov, m^m2(D¥-v^mi tmutfy-\=n%.2t 
(omctm^n^mny- F^/EVqzt^:- 1 0-- 1 0 v 

Tu-f^s oic^sn-sxs i.^5©^Ei. ry-F^E 

Va;;?^2 k:V©(!:#2^Jx6 OM. 5kVOit2?^ix 
4 0filiSi$nri^^. sy^OfcJ:^fcry- F^E 

K^\.^x. Mia^^^*v^-3?^. m\<Df-vmMA^ 
m^hntcf^umsomm^i urn. m^-th:^^^:^^ 
nmo^mp 1 - 1 o^m. i??^-r^x^ y^^mom. 

SiP2 = 5/zm, =lAira. ^Ijum, = 
1mm. t=0. 2jLim, =2. 5/im. dj =5 
am. Vca==90V. Vq2=0V. Va = 2kViL;^c 

C<D^^.C4dL^TfflIi]tCiat25^irii^CD^3:x^ 5rr u 

[003 0] C©^(CxWJ:9Jc. 

Stffi^n, Sc^hXXmm^Mcr ^-f^m^hX^ 

^2 3fc^trmFi^b/ccfc^Jc. ^ji^;^^- 
xy'U'i'c^l F-y h<D®3:8 0 AzmHar^O, T 
y- Fic?ii^'5^-^(?:)i3i7:?^8 o--i 2 o /imiisr^ 



9 

-Bo ^/c. (5111(b) (J:*:^^Cc4dt-t55^7y- KcDKoi 
-C^^o CCr. ^le^ < I a/I c) 43:;t7V- K;5^6 

ftffl $ fc^-?- i r ^ - F (fCimt ^m^t cDJt^^^ 

^^Ori^-So S6 (a) {JMSdt ^0. 5d. d. 
1. 5d. 2d. 3 dtbfct^^mf^^mm^. Wi 

ht^il^OT^f). PS (b) (i[5j^CC^7^^7:d<-:; h 
Oi^t $ hb fcmXh6. Ct\h<Dmi^^^t3fi> 

-S^^^C, fri5|I^^S7(05gpa5cD;^^?d, =5rd^ 
dt ^3. 0 d (b^jr-Bir^icilSU/t^^tCCii, 112^ 

^ ( [ a/I c) €iif<^^oo. V(DmM. 

CO 0 3 3 ] ^X5c. *^a^om2(7:)^ffico?i5,«jc<:oc^r 

t^^e^T'So ^7 <a) {tc^mzo^m^omB^^ih^i-f ^ 
$>^. m^^^mhf)^^j:^^^c. c<D^m(omfi^(.c^^^x 

m7 ^.C7nbtc^M<onm(iCi6^.i6:^:^{^(D^iX m 
BB'^C^l ^ X h fJieil 5 ^.Cfjk bfct mmcoM^^M^ i> 

[Q 0 3 4] msuc(Dm2(DmMoj{m{^^\.^x. m 
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(ommmmdr ^m'7(Dmtbtct^(D^m^^^:/^ 

0. 5d. 0. 7d. d. 1. 2d. 2. SdiL/bi 

vq2^mW'^ct-^x':^vv hbfci>(Dx^K^. mm 
(b) ktmm^cmt:^^^y voi^^^^^^-:^ hbfcm 

<D^n^(Di^^^d^ ^0. 5d^d^ ^2. 5di!^ 
^cfc^^cii^b/til^CCta:. |l2y-b^JEVq2^iai«f 
10 ^cffltCii^T^Ci^CcfcO, ( I a/I c) ^ti 

0 0 iLm^B.tt;::^mm<Dmm.^n^ctt^x^^ct 
c 0 0 3 5 ] mi^bfc2'o(omm(owMJ^c%5K^x\t. r 

x^fc. bt^bUii^h. witim2 3'.cnkbtc^'yr^:k^ 
20 CO 0 3 6 ] taE2b/cJ:^JC, f/ffi^S {h) icmbtc 

nm^tifcM^^t. ^'j?\Hmiciiiibx\.^fc. tr£t> 
«iii^j^ii>»cflir^ trie's- ct\\t. mtzM2^20 

30 m^mm i omtz^&o^'^cj: an^(,ctt^x'pf3: < ^ 
^tc^fic^b^m^x^^t^^^tx^o ^cr. iJria 

t-^hWia^tx^w^'k^^cm'r'^^t^ctt^x^. m 

[0 0 3 1 ] ccDJ:^{c|l^^i:'3i^±$-ti/c5f:^HJ 
<Dm3<0^<DWym^cr>\.^XWmth. ^QOIJ (a) ti 

:^^^mn3(omr^(Df^m<Dmm^^srmx^^. c<d 
^m^mMi 1 t(Dfmlmd^ tmtmmon^nm 

1 t<Dmmdr J:0^o5g< itxX^^^ (d, <da ) . 

\mbx. m^bfcmm\^o^^m<tztt^'^mt 

[oo38]ii9<;o(b) '<mum2^c^bfcm:B(om 
mo^ ^ '.cm^<Dm^mDm2 o 7552 tir 

50 ^sm^cc. ccD^3a:>^(?:>]f$.^^ijSmL?tti-^^^t- 
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[0 03 9] tfc. 1I9CD (c) tiMeS?^^^^!^/^:^ 

C0 04 0 ] isii ojicOcfc^ic^^^n/c^sscfflM 

CO 04 I ] CCDJ:^CCm^S^f^±f aCiT^^r^^ 20 

mi(Dmnm2 o^^2mcm¥^i^tixi>%i>(Dvhh 
oomim^i t^m^i i t(D2'o(.c^m^tix\.^ 
[0 04 2 ] c(omMcDBm^c:h^'f^^mmumiEm3 

t:^^^m^tix:Bf^^tixi.^^tc^(>c^ -en-en 
:oo4 3]mi2'.c. 7.vv htK(Dmnm2it^n 40 

[0 04 4] COi; ^ ^cti'^tcfcl't^lS^a.Ml^t^TS^ 

T-s^-* h^vpz^o [V] , *r^gp7 i^En;jaT^ 

y-h^J£Vq3^- 1 0 [V] i U/iii^^CD^T-illii^ 50 
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CCD^'&CCti. vi>?:p*E.]ftai$n/i:^^ciD«LiE{3: 
fcr^- Y^'imhtLttO:^^^v \-m\tl SumtU 

CO 0 4 5 I f^is. -o<0ISinaJ2 0<^)4^^CX5 7 

y 3?t(^:c^Lrt^5t:55'^cCll^a:^?&n^6n^c 
Ufc3&^or. -o0g^ngp(D*(Cffi&^f]cDx ^ 

[0 04 6] $r. c^^^rfJ2^'i^c?B^s$n/cP^n^ 

2 0^aiit^2 lCD^22^f^ (lS<D2E:«7f^) O^^© 

<D±T:&f^^'St.^53:x y ht}^comnm2 i (0:^i2i:^f^ 

[ 0 0 4 7 ] ^ 1 4 lC±Tyji;^(0W^L^^^1B<Dmr^ 
m<D—m^nk-t. mi 40 (a) (^r ^- K~:^y- F 
felcOgEgtLa =lmm, T-^- KmjffVa = 2 k Vi t 

ggilLi =2mm. r F^HVa == 5 k Vi L^ci: 

1 7$C7nL3tf^^W^c7;t'^7-f'^xyU'r^cfcC?^ 
S^Tfe* F F cD±T:^f^OS$ 2 2 0 t^m^S^-^^ 

hOtfJi-z^X^^^Ctt)^^^^. 

[0 04 8 ] is/c. mumamomj^^^'mt^ ctiz 

^t£-e^^. HIS (a) fe<i:0'' (b) IS. C©J:^?d: 

x^^mi^ommomm^^^r^mmv^}^. mm 
( a ) t^. miie;^ 'J FttcD^ingi52 1 ^mmoy"^ y 

^^C^^^ntcl^MtbX. ^(D-^(0'rUy^22(>C 

(cx ^ y ^^m^i-r^ c i ic^ *9 . m-ra^T^^^ f y 

^/c. (b) ii, jrlSStcOT'P^yi'CClK^en 
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cnicJ:^, ±T:/?rSiCDifl^(!i^i: Office r3>h D- 

[0 04 9 ] ±T:^r^oSJl^iPi^^offlScc|i|^iiT^c 
mLxwmrh. me© (a) ts^ v^omuu 

^(DW-mmxa>ho ^i^T-Scfc^^. cositeoBMcc 

LTfg^^firii^. cnccj:^. ( a) oc^TH-r^J; 

[ 0 0 5 0 ] ^ fc, IS 1 6 © ( c ) CCD^CD^^Ii 
m^nUZ 3i)J:{/2 4c7)*^Cv{igJ:0 ^^'^x s ^ 

m^\(Dmcm{iLLfc&,mcm'f^^x\.^^. on^^ 30 

475^6]&tH?n/cm^^>?:\ x^ iSr;5i3^J?nrCi^S- 

j:^^nm^o^mmm^m'mr^ct^^x^hJ: 

[0 0 5 1 ] \^j,±<Dmmc^^^x\t. xK^^wom^^^^ 

{t. V ^m^^smi^A^tr^cti^xts. mi 7 40 
O (a) ax^ y^m^3ntiyfcm-m(DmPi^mL. 

(b) !itx.^ V ^m^4r^\ltLfc^^nkl,X^^ 

mtmf^-r^ctt^x^^. 
[0 0 5 2] r^^. «±©ift^cc:fei^t:{i. x s 

[0 0 5 3 ] 50 
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[^MOffi#?^j:l^&.9] 
[HI] 

7f<rm%mx^^. 

^ii^-^mmmx^^. 

<Dma^<Di^^^^Mm-r^fci^0mx^^. 

io^i^mi't^'-Aco^M^mmr^tcisbcDmx^^. 
me] ^^momntsdhmm^jkmrno—mmommf^ 
i6\.^xmmmm<Dmnm:>i^^^^^it^'^tct^o:)^ 

lE^ (I a / I c ) i5J:a^^:^^^y h<0:K^^^mm 
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